We present the analysis of time-series of photoelectric data of a Bp star and four new Ap stars observed photoelectrically under the Nainital-Cape survey programme. The project was started about two decades ago, aiming to search for new rapidly oscillating Ap stars. The frequency analysis of the time-series of these stars obtained on multiple nights did not reveal any pulsational variability. In addition to this, we have performed the analysis of time-series differential CCD photometry of the two pulsating Am stars HD 13038 and HD 13079, where we find some evidence of new periods. To expand and strengthen the ongoing survey work, we propose to build-up a tri-national collaboration of astronomers from India, South Africa and Belgium.
Introduction
Ground-based photometric surveys can be used for the detection and the study of variability in chemically peculiar (CP) stars. One of them is the Nainital-Cape survey (Ashoka et al. 2000) , inititated in 1999 to search for new rapidly oscillating Ap (roAp) stars. At that time, only 3 members of this class of pulsating stars were known in the Northern hemisphere. The results obtained from this large ground-based survey are summarized by Martinez et al. (1999 Martinez et al. ( , 2001 , Girish et al. (2001) , Joshi et al. (2003 Joshi et al. ( , 2006 Joshi et al. ( , 2009 Joshi et al. ( , 2010 Joshi et al. ( , 2012a Joshi et al. ( , 2012b Joshi et al. ( , 2014 Joshi et al. ( , 2016 Joshi et al. ( , 2017 , and Balona et al. (2013 Balona et al. ( , 2016 .
The roAp stars are a subset of cool Ap stars having abnormal abundances of Si and rare earth elements such as Sr, Cr, Eu. They possess a strong global magnetic field of the order of kiloGauss (Hubrig et al. 2012) that supports the formation of patches of various elements around the magnetic poles (Balona et al. 2013) . The roAp stars pulsate in high-overtone (n ≥ 20), low-degree ( ≤ 3), non-radial p-modes (Shibahashi 1983 , Balona et al. 2013 ) with periods ranging from 6 to 23 min and peak-to-peak light variations up to 18 millimagnitudes (mmag) in the Johnson B-band (Holdsworth et al. 2018) .
The other group of A-type CP stars, known as metallic-line Am stars, is characterized by an over-abundance of metals (e.g. Fe, Ni, etc.) and an under-abundance of light elements (e.g. Ca, Sc, etc). Some Am stars exhibit δ Scuti (δ Sct) type pulsations with periods ranging from 0.02 to 0.25 days of V-band amplitudes from 0.003 to 0.9 mag (Breger 2000) . The δ Sct stars are pulsating stars of spectral type between late-A and early-F with a mass range of 1.5-2.5 M (Chang et al. 2013) . They pulsate in low-order radial and/or non-radial pand g-modes driven by the opacity mechanism operating in the second helium ionization zone (Houdek et al. 1999 , Aerts et al. 2010 . The δ Scuti stars in binary systems are particularly important as their basic parameters, such as mass and radius, can be determined precisely using the mass-radius relation of binary systems (Soydugan et al. 2016 , Alicavus et al. 2017 , Mkrtichian et al. 2018 ). Furthermore, the precise values of these paramaters can be used as input for the modeling of their stellar structure and evolution. The multi-periodic pulsating stars in such systems are of major importance because multi-mode waves probe different depths of the stellar interior (Joshi & Joshi 2015) .
In the early 1980s at the South African Astronomical Observatory (SAAO), the Cape survey project was successful in detecting mmag light variations in Ap and Am stars (Martinez & Kurtz 1994) . In 1999, almost two decades later, the programme extended to the Northern hemisphere after the Aryabhatta Research Institute of Observational Sciences (ARIES) joined the project. The Nainital-Cape survey's main objective was to find new roAp stars and pulsating Am stars in both the Northern and Southern hemisphere. In this paper we present some of the recent results obtained since the work presented by Joshi et al. (2016) . 
Selection of targets and observations
The effectiveness of any long-term programme relies upon the selection criteria used to prepare a well defined sample of targets to be investigated. Our selection criteria are described by Joshi et al. (2016) . Table 1 gives the basic physical parameters of the one Bp, four Ap, and two Am candidate stars studied. These parameters were compiled from the SIMBAD 1 database. For each star, the columns of Table 1 give respectively the HD number, right ascension (α 2000 ), declination (δ 2000 ), visual magnitude (m v ), spectral type (SpT), Strömgren photometric indices (b − y, m 1 , c 1 , H β ), effective temperature (log(T eff )), luminosity (log(L/L )), duration of the observations (∆t), and the year when the observations were obtained (Year). We use "-" in the case that values are not available in the literature.
To study short-term periodic variability in stars (P ≤ 30 min), particularly in case of roAp stars, it is common to use a single channel high-speed photometric technique, which is able to detect short period pulsations with small amplitudes. The basic requirement for this technique is to have high-duty cycle observations, in which the telescope points to the target star without moving to any comparison star to minimize the time loss. To study long-term pulsational variability (P ≥ 30 min), as found in δ Scuti stars, differential photometry is more suitable. This requires comparisons stars of similar magnitude and color in the same field of view.
Observations of Bp and Ap stars
For the observations taken from SAAO, we used a high-speed photometric technique. The photoelectric observations of one Bp and four Ap candidate stars presented here were acquired using a Modular Photometer (MP) attached to the 0.5-m telescope at the Sutherland site of SAAO. Each data point comprises of 10-sec observations, which is only a fraction of the expected pulsation periods, through a Johnson B-filter. Initially, a single-channel photometric mode with occasional interruptions to measure the sky background was implemented. This exercise of intermediate sky background measurements becomes more relevant when the moon rises and sets, causing a sudden change in the sky counts. A relatively large photometric aperture of 30 was chosen to minimize the effects of movement of the star due to seeing fluctuations and tracking errors of the telescope. Each target was monitored continuously for the duration of approximately 1 to 3 hours, depending on the presence of any signature of periodic variation in the raw light curve. During the observing run, if there was evidence of a regular variation in the light curve, as was the case for HD 41089, then the strategy was to collect data over a maximum duration on the following nights to rule out inherent variation coming from the Earth's atmosphere or from the instrument. In case of HD 41089, the follow-up observations to confirm any pulsational variability was taken for ten nights. The log of its observations is presented in Table 3 .
Observations of Am stars
Out of seven stars discovered as pulsating variables under the Nainital-Cape survey project, only the Am stars HD 13038 and HD 13079 were suitable for differential photometry because their field of view of the CCD contains at least two comparison stars of similar brightness. Both of these stars were monitored using a 2K × 2K CCD mounted on the 1.04-m Sampurnanand telescope of ARIES giving a field of view of 13 arcmin × 13 arcmin. The left and right panels of Fig. 1 show identification charts of HD 13038 and HD 13079 on a same scale, respectively, where the location of the target and comparison stars are marked. Table 2 gives a log of the photometric observations obtained for these stars. 
Data reductions and analysis
The data reduction process of the fast photometry starts with a visual inspection of the raw light curves to identify and remove outliers, followed by a correction for coincidence counting losses, a subtraction of the interpolated sky background, and a rectification of the mean atmospheric extinction. The time of midpoint of each observation was converted into the Heliocentric Julian Date (HJD) with an accuracy of 10 −5 day (∼1 second). The CCD images from ARIES obtained for the two pulsating Am stars HD 13079 and HD 13038 were processed using standard tasks available in IRAF 2 . The images were corrected using a master bias frame prepared as the median of the good-quality bias frames taken throughout the night. Normalized flat-field images of the twilight sky were used to correct for the pixel-to-pixel sensitivity. Finally, differential CCD photometry was performed to measure the magnitude of the target relative to the comparison stars to eliminate sky-transparency variation.
The time-series data of each observing run from both SAAO and ARIES were subjected to frequency analysis. A fast algorithm based on the Lomb-Scargle (LS) periodogram (Lomb 1976 , Scargle 1982 for unequally spaced data was used to extract any periodic variation present in the time-series data. To search and extract peaks due to pulsation, the frequency with the highest amplitude was removed by subtracting the corresponding sinusoid from the data. This process was repeated until the noise level in the periodogram of the residuals was reached.
Results
The left and right panels of Fig. 2 show time-series and corresponding periodograms of the four Ap stars listed in Table 1 . Upon examining these figures, it is noticeable that the light variation is probably due to the skytransparency. The left and right panels of Fig. 3 show the time-series and corresponding periodograms of the Bp star HD 41089 obtained on 11 different nights. The frequency solution of time-series collected on different epochs is listed in columns 3 and 4 of Table 3 . It is evident from this table that the dominant low frequencies could be due to long period sky-transparency variations. Therefore, differential photometry is suggested to Table 4 were calculated with Monte Carlo simulations in the software package PERIOD04 (Lenz & Breger 2005) .
Discussion and conclusion
We have presented time-series and periodograms for one Bp star (HD 41089) and four Ap stars (HD 156869, HD 187473, HD 189832, HD 212385) to search for pulsational variability. Based on data acquired for each star, we could not draw any firm conclusion on their variability. Since the pulsating Ap and Am stars exhibit amplitude modulation due to either rotation or interference from close pulsational frequencies, the non-variability could be explained by a coincidence in the timing of observations. Therefore, HD 41089 was monitored more extensively on 11 different nights. Based on these observations, we could not ascertain any conclusive variability.
We have also performed differential CCD photometry to investigate the nature of the two known pulsating Am stars HD 13038 and HD 13079 discovered under the Nainital-Cape survey. Our analysis shows that HD 13079 exhibits three new frequencies: f 1 = 18.383 d −1 , f 2 = 9.737 d −1 , and f 3 = 18.799 d −1 . Note that the frequency 19.4090 d −1 , as reported by Smalley et al. (2011) , is close to the first harmonic of f 2 . Similarly, it appears that two new pulsational frequencies are present in the time-series data of HD 13038: f 1 = 49.147 d −1 and f 2 = 52.942 d −1 . Finding additional frequencies in variable stars potentially enables us to probe additional regions of their interiors. The non-detection of previously observed frequencies of these two stars could mean that they are below noise level of the data analysed. Another possible explanation is intrinsic amplitude modulation as observed for δ Scuti stars (Bowman et al. 2016) . For the comparison, we also added the frequencies reported by Martinez et al. (2001) and Smalley et al. (2011) in Table 4 . On comparing them with those that we found and by taking into account the errors that we have calculated, it is possible that some of our frequencies are 1 d −1 alias frequencies of those reported before.
The Belgo-Indian Network for Astronomy and astrophysics (BINA) is a collaborative project involving dozens of astronomers from India and Belgium working in different areas of astrophysics. The network is gradually expanding to other nations. Our attempts to make a multi-nation collaboration have been recently rewarded in terms of a joint publication by astronomers from India, Belgium and South Africa (Chowdhury et al. 2018) , laying the foundations for a tri-national collaboration. With the development of new observational facilities at Devasthal (Stalin et al. 2001 , Kumar et al. 2018 ) operated by ARIES (Nainital), it is expected that the data obtained using new technology telescopes in India equipped with state-of-art instruments can play a crucial role in future achievements in asteroseismology of CP stars.
